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Abstract 
As one of the special structure layers of grassland ecosystem, soil has significant hydrological and ecological effects. 
However, the soil interior hydrological and ecological effects will be affected by the grassland vegetation degradation. 
This research was carried out in the source region of the Yellow River, where grassland vegetation was in severe 
degradation, with the methods of choosing typical areas and quadrates to collect soil samples and doing experiments 
in laboratory. Some important results were obtained from this research which mainly contained four aspects as 
follows. (1) With the increasing of grassland degradation degrees, the capillary water holding capacity and saturated 
water content decreased in all soil layers as a whole. However, the capillary water holding capacity and saturated 
water content increased when the grassland degradation from middle degree to heavy degree in all soil layers. (2) 
With the increasing of grassland degradation degrees, the field water capacity first increased and then decreased in 
the 0~10cm layer and decreased in the means of “increasing-decreasing- increasing-decreasing” manners in the 
10~20cm, but it gradually increased in the 20~30cm layers. (3) Soil saturated water content was mainly affected by 
the soil bulk density and total phosphorus, and the soil capillary water holding capacity was mainly affected by the 
soil bulk density, while the soil field water capacity was mainly affected by the total nitrogen. (4) Soil water retention 
was not a simple process of decreasing during the grassland degradation, but it was a changing process of differences. 
It was very important to protect the original grassland vegetation for the hydrological process in the river source 
regions and this research could provide the scientific basis for revealing the impacts of grassland vegetation 
degradation on soil hydrological and ecological effects in the region scale and displaying the effects of grassland 
vegetation degradation on river runoff forming and regulation. 
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1. Introduction 
Soil is the main repository of ecosystem water conservation which can intercept and kept most or all 
infiltrating water [1, 2]. It reduces the possibility of infiltrating water transforming to underground runoff 
and further reduces the big recycle process of water and enhances the small recycle process of water [3]. 
So, like the river, lake, reservoir and underground aquifer, soil also has significant storing and regulating 
function. For this reason, people often call soil as soil reservoir [4-8]. Soil water retention is one of soil 
physical properties [9, 10] which can constrain the keeping, storing and supplying of soil water [11]. In 
addition, soil water retention is an important influencing factor for soil water recycle and terrestrial 
hydrological cycle [3]. So, the function of soil hydrological and ecological effect can be reflected on the 
difference of soil water retention [12]. 
Soil and plant are two important components for the grassland ecosystem [13]. They have closely 
relationship [14-16] and they interact but can‟t be divided each other [17]. Any changes in one will 
induce to the changes of the other [14]. The grassland vegetation changes not only alter the vegetation in 
the ground and the root system underground, but also alter the land surface properties (such as slope, land 
roughness length and so on ) and further affect the soil physical and chemical properties[18-25]. So, the 
grassland vegetation changes will alter the water status stored in the soil and induce the changes of soil 
water [26]. Especially when the grassland vegetation coverage got down, soil would become dry and the 
soil water retention weakened [27]. For this reason, the changing of soil water retention has closely 
relationship with grassland vegetation changes. Grassland degradation and grassland restoration are two 
main aspects of the grassland vegetation changes. Many researches about the soil water retention changes 
during the grassland restoration process have been reported. The soil water retention would be improved 
for the soil organic matter accumulation during the grassland restoration process [28]. The abandoned 
cropland vegetation could affect the soil storage and retention function by enhancing the soil organic 
matter content to improve the soil structure, reducing the soil bulk density and increasing the soil porosity 
during its restoration [29]. Other scholars also got the similar results and they further pointed that sloping 
returned grain plots and enclosed grassland could improve the soil hydro-physical properties to enhance 
the soil water retention and erosion resistance ability [30]. However, there were few researches about the 
changes of soil water retention during the grassland degradation process [31, 32]. 
The source region of the Yellow river locates in the interior of the Qinghai-Tibetan Plateau. It is not 
only the major area of water conservation, but also is the ecological sensitive district and climate change 
promoter region [33]. Almost entirely alpine meadow grassland of the Qinghai-Tibetan Plateau distributes 
in this region and the environment changes in this region will affect the ecological security and social 
economy sustainable development of the whole watershed [32]. However, the alpine meadow grassland 
suffered different degradation degrees in the source region of the Yellow river for the reason of climate 
changes, human beings and rat damage [34-36]. Many scholars had studied the grassland degradation in 
the source region of  the Yellow river[36-38], but the main researches concentrated on the relationship 
between grassland vegetation and soil water characteristics[39], the effects of grassland vegetation 
coverage changes on soil water recycle and so on[27]. There were few researches about the effect of 
grassland degradation on soil water retention, especially for the impacts of grassland degradation on soil 
hydrological and ecological effects. 
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So, this research chose the Jumuchang region of Maqin country in the source region of the Yellow 
river as the study area and carried out the impacts of grassland degradation on soil water retention by 
choosing typical areas and quadrates to collect soil samples and doing experiments in laboratory. The 
objectives of this study were: (1) to analysis the soil water retention characteristics in different grassland 
degradation degrees; (2) to point to the main influencing factors of soil water retention; (3) to generalize 
the different effects on soil water retention in different grassland degradation degrees. This research could 
supply the scientific basis for the research on the impacts of grassland degradation on soil hydrological 
and ecological effects in regional scale from revealing the relationship between soil water retention and 
grassland degradation. 
2. Materials and methods 
2.1. study site 
The study area locates in the Junmuchang region (10020.375~10033.080E, 
3420.721~3425.701N) of Maqin County in the sources region of the Yellow river (Fig.1). The altitude 
in the study area is from 3858 to 4183m above sea level, and the average altitude is 4004.18m. The 
climate in the study area is the typical plateau continental climate which is no different in the four seasons. 
The climate can be divided into two seasons which are warm season and cold season. The cold season is 
long, dry and cold, and the duration time has 7~8 months. The warm season is short, wetness and cool 
and only has 4~5 months. The temperature of annual range is small but the gap of temperature diurnal 
range is big. The sunshine in the study area is adequacy and the year average sunshine exceeds 2500 
hours. The solar radiation is intensive and the total radiation energy in a year is between 623.8 and 629.9 
kJ/cm2. The annual precipitation is between 420mm and 560mm, and the average annual precipitation is 
423.2mm which is mainly from May to October[40]. The soil types in the study area are alpine meadow 
soil and alpine shrub meadow soil. The soil organic matter in the surface layer is abundance. The 
Kobresia humilis meadow is the main winter and spring pasture. In the Kobresia humilis meadow, the 
constructive specie is Kobresia humilis and the companion species contain Kobresia pygmaea, Scirpus 
distigmaticus, Elymus nutans, Poa spp., Stipa aliena Keng, Lagotis brachystachya, Leontopodium 
nanum, Ajania tenuif olia, Lancea tibetica, Saussurea superba, Pedicularis kansuensis Maxim and so 
on[41]. 
 
Fig.1 The location of study area 
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2.2. methods 
For the reason of global climate changes, overgrazing and so on, the grassland in the sources region of 
the Yellow river occurred degradation of different degrees. This paper used the method of spatial 
sequence instead of time succession sequence to reflect the grassland degradation process in order to 
describe the soil water retention changes during the grassland degradation process. 
 The classification standard of grassland degradation 
Alpine meadow grassland is the major grassland ecosystem and a wide distribution plant community in 
the source region of the Yellow river [39]. Many scholars in China had studied the plant community 
succession regulation and characteristics on the alpine meadow grassland during the different degradation 
phases in the Three-River Headwaters region of Qinghai province, China [42-50]. Their research 
conclusions revealed that the plant community of alpine meadow grassland undergone five steps during 
the degradation process which were short rhizome Cyperaceae plant community, short rhizome 
Cyperaceae and dense cluster Gramineae plant community, scatter cluster Gramineae, short rhizome 
Cyperaceae and weeds plant community, stolon weeds plant community, annual and biennial poisonous 
weeds plant community. So, by the means of summary and induction, this paper divided the alpine 
meadow grassland into five degrees which were no degradation, light degradation, middle degradation, 
heavy degradation and extreme degradation according to the five steps of alpine meadow succession 
process (Tab. 1). It was sure that the vegetation coverage and the number of plant species were also 
considered for the classification standard of grassland degradation. 
Table 1 Classification standard of grassland degradation 
Degradation 
degrees 
Number of 
plant species 
Vegetation 
coverage (%) 
Dominant species Companion species Plant community phases 
No degradation 20~28 Above 90 Kobresia pygmaea, 
Kobresia humilis 
Stipa Sp., Festuca ovina, 
Saussurea superba, Gentiana 
straminea 
Short rhizome Cyperaceae 
plant community 
Light 
degradation 
24~32 80~90 Kobresia pygmaea, 
Kobresia humilis, Stipa 
Sp., Festuca ovina 
Saussurea superba, Gentiana 
straminea, Potentilla bifurca 
Linn. 
Short rhizome Cyperaceae 
and dense cluster 
Gramineae plant 
community 
Middle 
degradation 
18~29 60~80 Poa spp., Elymus 
dahuricus Turcz., 
Kobresia pygmaea 
Saussurea superba, Gentiana 
Lanrencei, Potentilla nivea 
Short rhizome Cyperaceae 
and weeds plant 
community, stolon weeds 
plant community 
Heavy 
degradation 
10~23 50~60 P. anserina, Lagotis 
brachystachya 
Lancea tibetica, Leontopodium 
nanum, Glaux maritima, Ajania 
tenuif olia, Polygonumsibiricum, 
Oxytropis 
Stolon weeds plant 
community 
Extreme 
degradation 
8~15 below 50 Ajuga lupulina, 
Ligularia virgaurea, 
Pedicularis sp., Morina 
chinensis 
Kobresia pygmaea, Saussurea 
superba 
Annual and biennial 
poisonous weeds plant 
community 
  Sample plots design 
We designed the sample plots in the grassland of different degradation degrees according to the alpine 
meadow vegetation degradation characteristics. Because the grassland in the study area occurred different 
degradation, we couldn‟t find the typical sample plot of no degradation. So, we divided the grassland in 
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the study area into five degradation degrees which were slight degradation, light degradation, middle 
degradation, heavy degradation and extreme degradation according to the degradation characteristics in 
Tab. 1. The detail descriptions of sample plots were displayed in the Tab. 2. 
Table 2 Basic information of sample plots 
Sample 
plots 
number 
Number of plant 
species 
Dominant species Companion species Degradation degrees 
1 22 Kobresia pygmaea, 
Stipa Sp. 
Saussurea superba, Artemisia duthreuil, 
Artemisia frigida, Anaphalis lacteal, 
Ligularia virgaurea, Aconitum pendulum, 
Meconopsis integrifolia, Potentilla bifurca 
Linn. 
Slight degradation 
2 24 Elymus nutans, 
Pedicularis kansuensis 
Maxim 
Puccinella tenuiflora, Poa spp., Ptilagrostis 
dichotoma, Oat, Festuca rubra 
Light degradation 
3 26 Pedicularis kansuensis 
Maxim, Kobresia 
pygmaea 
Swertia bifolia, Microula pseudotrichocarpa, 
Aconitum gymnandrum, Pedicularis 
alaschanica, Lamiophlomis rotata, Elymus 
nutans, Ligularia virgaurea, Festuca ovina, 
Potentilla anserina 
Middle degradation 
4 13 Artemisia 
tanacetifolia., 
Leontopodium nanum 
Aconitum pendulum, Oxytropis ochrantha, 
Lagotis brachystachya, Ligularia virgaurea 
Heavy degradation 
5 9 Ligularia virgaurea, 
Aconitum pendulum 
Artemisia duthreuil, Ajuga lupulina, Ajania 
tenuif olia, Heracleum dissectifolium, 
Euphorbia fischeriana, Hierochloe odorata, 
Morina chinensis 
Extreme degradation 
  Soil sampling 
First of all, we dig soil profiles (approximately 60×50×50 cm in long, width and height) in all 
sample plots of different degradation degrees. Then, soil samples were collected from all sample plots at 
the depths of 0~10cm, 10~20cm and 20~30 cm using the cutting rings with the volume of 100 cm3. At the 
same time, the subsamples were collected using individual plastic bags in the same soil depth. Because 
the soil depth was not the same and individual soil profile was shallow, we just collected the soil samples 
in the depth of 0~10cm and 10~20cm. All the coordinates of the sampling locations were determined with 
a highly accurate global positioning system (GPS).  
 Experimental analysis 
Soil physical properties analysis mainly contained soil particle-size fractions, soil bulk density and soil 
water retention and so on. Soil particle-size fractions were determined by the Laser Particle Sizer 
(Mastersizer 2000, Malvern Company, UK) which the measure range was 0.02~2000μm and the 
repetition measure errors were less than 2%. Soil bulk densities were determined using oven-dried weight 
and sample volume. Soil capillary water holding capacity, saturated water content and field water 
capacity were measured using the method of ring cuts immersion [51, 52]. 
Soil chemical properties analysis mainly contained soil organic matter, total carbon, total nitrogen, 
total phosphorus and total potassium. All the soil chemical properties were determined according to the 
regular analysis methods. Soil organic matter was determined using wet oxidation with K2Cr2O7. Total 
carbon and total nitrogen were measured by the elemental analyzer. The determination of total 
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phosphorus and total potassium was carried out using HNO3-HClO4-H2SO4 method microwave digestion, 
and then was determined in the ICP-OES. 
 Statistical analysis 
The Excel 2003 software package was used for all the data processing in this paper. All the statistical 
analyses were calculated by SPSS software (version 18.0). 
3.  Results 
Soil water retention is an important physical property for soil. We used soil capillary water holding 
capacity, saturated water content and field water capacity to reflect the soil water retention in this paper, 
and then we further analyzed the soil water retention characteristics in different degradation phases. 
3.1. Soil capillary water holding capacity characteristic in different degradation phases 
Capillary water is the main storing water in the soil that is in the soil capillary pore and is stored by the 
capillary force. Capillary water can be divided into two types which are capillary upload water and 
capillary hanging water according to the relationship between capillary water and groundwater. Capillary 
upload water is the water that is kept by the capillary force when the groundwater rises along the capillary 
pore. We called the maximum of capillary upload water soil capillary holding water capacity [53]. The 
Fig.2 shows that there were significant differences of soil capillary holding water capacity in different soil 
layers among the degradation degrees. The changing trend of soil capillary holding water capacity was 
similar. With the increasing of grassland degradation degree, soil capillary holding water capacity in 
different soil layers generally decreased, but soil capillary holding water capacity in different soil layers 
increased in the heavy degradation phase. As a whole, the soil capillary holding water capacity in the 
0~10cm layer gradually decreased when grassland was from slight degradation to light degradation with 
the decreasing extent of 12.00%. The soil capillary holding water capacity increased slightly when 
grassland was from light degradation to heavy degradation with the increasing extent of 3.88%. The soil 
capillary holding water capacity significantly decreased from heavy degradation to extreme degradation 
with the decreasing extent of 7.78%.The changing regulation of soil capillary holding water capacity in 
the 10~20cm was similar with the 0~10cm layer. The soil capillary holding water capacity increased 
slightly from slight degradation to light degradation and decreased 5.44% from light degradation to 
middle degradation which was less significant than in the 0~10cm layer. But soil capillary holding water 
capacity decreased 11.10% from heavy degradation to extreme degradation which was more than in the 
0~10cm layer. There were some differences among 0~30cm layer, 0~10cm layer and10~20cm layer. 
After decreasing of soil capillary holding water capacity from slight degradation to middle degradation in 
the 20~30cm layer, the soil capillary holding water capacity increased 10.54% from middle degradation 
to heavy degradation. In conclusion, there were significant differences of soil capillary holding water 
capacity in the layers among different degradation degrees. From slight degradation to extreme 
degradation, soil capillary holding water capacity decreased 15.90% in the 0~10cm layer, but it just 
decreased 8.49% in the 10~20cm layer. This phenomenon revealed that the impacts of grassland 
degradation on soil capillary holding water capacity was mainly in the 20cm layer, especially in the 
0~10cm layer. The conclusion was similar with other scholars [39]. 
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Fig.2 Soil capillary holding water capacity in the different grassland degradation phases 
3.2. Soil saturated water content characteristic in different degradation phases 
Soil saturated water content contained all the total water in the soil when all the soil porosity was filled 
with water [53]. It was an index of evaluating soil water storage capacity. That is to say, as the maximum 
of soil storage capacity, it not only reflects the potential ability of storage and regulating water, but also 
reflects the water conservation function [32]. From the Fig.3, we could see that there were significant 
differences of soil saturated water content in the layers among different degradation degrees. The 
changing trend was similar with the soil capillary holding water capacity. With the increasing of 
grassland degradation degree, soil saturated water content in different soil layers generally decreased, but 
soil saturated water content in different soil layers increased from middle degradation to heavy 
degradation phase. In the 0~10cm layer, the soil saturated water content decreased in general with the 
decreasing extent of 17.09%. Especially from slight degradation to light degradation and from heavy 
degradation to extreme degradation, the soil saturated water content decreased 9.95% and 8.73% 
respectively. However, the soil saturated water content increased and changed slightly when grassland 
degenerated from light to serious. The changing regulation of soil saturated water content in the 10~20 
cm was similar with 0~10cm layer. It was less significant than 0~10 cm layer from slight degradation to 
heavy degradation phase. But the soil saturated water content decreased 14.33% in total from heavy 
degradation to extreme degradation phase which was more significant than 0~10 cm layer. There was 
significant difference of soil saturated water content in the 20~30cm layer among different grassland 
degradation phases. But the soil saturated water content in the 20~30cm layer changing characteristic was 
different from 0~10cm and 10~20cm layer. The soil saturated water content decreased from slight 
degradation to light degradation with the decreasing extent of 2.33%. But the soil saturated water content 
increased 8.71% from light degradation to extreme degradation. In addition, we couldn‟t determine 
whether the changing regulation of soil saturated water content in the 20~30 cm layer was the same as 
0~10cm and 10~20cm layer or not because we only collected the 0~20 cm layer soil samples in the 
extreme degradation phases. In conclusion, there were significant differences of the soil saturated water 
content in the soil layers among grassland degradation phases. The average soil saturated water contents 
in the 0~30cm soil layer were 36.39%, 31.97%, 31.29%, 36.88% and 25.12% respectively. The 
decreasing extent of soil saturated water content was 11.27% from slight degradation to light degradation 
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in the 0~10cm layer. These phenomenons showed that the impacts of grassland degradation on soil 
saturated water content were mainly in the 0~10 cm layer. 
 
Fig.3 Soil saturated water content characteristics in the different grassland degradation phases 
3.3. Soil field water capacity characteristic in different degradation phases 
Soil field water capacity was not only considered as the maximum of soil content which soil could 
maintain stably, but also was the maximum of capillary hanging water[53, 54]. Soil field water capacity 
was the main source of plant absorbing water in the mountain area, hilly area and mound land area, and it 
was mainly affected by the soil texture, soil organic content, structure and loose condition and so 
on[55].The changes of soil field water capacity in different grassland degradation phases were shown in 
the Fig. 4. With the increasing of grassland degradation degrees, soil field water capacity in the 0~10 cm 
layer first increased and then decreased with the changing range from 13.09% to 20.04%. The soil field 
water capacity was the maximum in the heavy degradation phase, and then was middle degradation phase, 
light degradation phase, slight degradation phase and extreme degradation phase. The soil field water 
capacity in the heavy degradation phase was 1.53 times than in the extreme degradation phase. The soil 
field water capacity in the 10~20cm layer changed fluctuant of increasing-decreasing- increasing-
decreasing with the changing range from 10.53% to 20.50%. With the increasing of grassland degradation 
degrees, soil field water capacity in the 20~30 cm layer gradually increased. The soil field water capacity 
in the heavy degradation phase was 23.22% which was 2.04 times than in the light degradation phase. In 
conclusion, the soil field water capacity in all layers was the maximum in the heavy degradation phases, 
but it was the minimum in the extreme degradation in the 0~10cm layer and was the minimum in the 
slight degradation in the 10~20cm and 20~30cm layers. The soil field water capacity changing 
characteristics were different from soil capillary water holding capacity and soil saturated water content. 
Compared with soil capillary water holding capacity and soil saturated water content, the soil field water 
capacity might be affected by different factors. 
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Fig.4 Soil field water capacity characteristics in the different grassland degradation phases 
4. Discussion 
Soil was a loose material with many pores. Water will be stored in the soil pores by the forces of 
molecular attraction, capillary force and gravity force when the precipitation or irrigation water entered in 
the soil [53].Many researches‟ results [28, 56-62] shown that soil water retention had closely relationship 
with soil physical and chemical properties such as soil porosity, soil bulk density, soil texture and soil 
organic matter and so on. From the correlation analysis of soil capillary water holding capacity, saturated 
water content, field water capacity with soil physical and chemical properties (Tab.3), we found that the 
correlation coefficients between soil capillary water holding capacity and soil bulk density, soil organic 
matter were -0.806 and 0.675 respectively which were significant correlation at the significance level of 
0.01. The correlation coefficients between soil capillary water holding capacity and total nitrogen, total 
carbon were 0.618 and 0.602 respectively which were significant positive correlation at the significance 
level of 0.05. All of these shown that soil bulk density, soil organic matter total nitrogen and total carbon 
were the main influencing factors for the soil capillary water holding capacity. The soil saturated water 
content not only had significant correlation with soil bulk density and soil organic matter at the 
significance level of 0.01, but also had significant correlation with total nitrogen, total carbon and total 
phosphorus at the significance level of 0.05. The correlation coefficient between soil saturated water 
content and soil bulk density was maximum (-0.906).This conclusion shown that the soil bulk density was 
the main influencing factor for the soil saturated water content and other soil physical and chemical 
properties affected the oil saturated water content slightly. Many scholars [63-66] also got the similar 
results with this paper. The correlation coefficients between soil field water capacity and total nitrogen, 
sand grain and silt content were 0.570, -0.506 and 0.503 respectively which were significant correlation at 
the significance level of 0.05. This revealed that the total nitrogen, sand grain and silt content were the 
main influencing factor for the soil field water capacity and other soil physical and chemical properties 
affected the soil field water capacity slightly. In conclusion, soil bulk density was the main influencing 
factor for the soil capillary water holding capacity and soil saturated water content, and then was soil 
organic matter. Total nitrogen and total carbon also affected the soil capillary water holding capacity and 
soil saturated water content significantly. The soil field water capacity was mainly affected by the total 
nitrogen, sand grain and silt content. 
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Table 3 The correlation coefficient among capillary water holding capacity, saturated water content, field water capacity and soil 
physical and chemical properties 
Soil water retention Soil saturated water content Soil capillary water holding 
capacity 
Soil field water capacity 
Soil bulk density -0.906** -0.806** -0.274 
Soil organic matter 0.680** 0.675** 0.44 
Total nitrogen 0.617* 0.618* 0.570* 
Total carbon 0.587* 0.602* 0.37 
C/N ratio -0.261 -0.225 -0.309 
Total potassium 0.418 0.453 0.17 
Total phosphorus 0.533* 0.439 0.019 
Clay 0.129 0.106 0.49 
Sand grain -0.209 -0.121 -0.506* 
Silt 0.209 0.121 0.503* 
Note: * and ** represent remarkable at the significance level of 0.05 and 0.01 respectively. 
In the condition of multivariable, the relationship among variables was complex. Because the soil 
environment was complex and changeful, the simple correlation relationship among capillary water 
holding capacity, saturated water content, field water capacity and soil physical and chemical properties 
couldn‟t reflect the real relationship, while the partial correlation analysis could accurately evaluate the 
correlation degree of any tow variables. The Tab.4 showed that the partial correlation coefficients 
between soil bulk density and saturated water content, total phosphorus were -0.877 and -0.637 which 
were remarkable at the significance level of 0.01 and 0.1 respectively. In addition, The Tab.4 also 
revealed that the partial correlation coefficients between soil bulk density and soil capillary water holding 
capacity was -0.705 which was remarkable at the significance level of 0.1, while the partial correlation 
coefficients between total nitrogen and soil field water capacity was 0.746 which was remarkable at the 
significance level of 0.05. All of these showed that other soil physical and chemical properties affected 
the soil water retention slightly.  
The Fig.5a further showed that the soil saturated water content had well response relation with soil 
bulk density of all soil layers in different degradation degrees. That is to say, the bigger of soil bulk 
density, the smaller of soil saturated water content. In addition, the soil saturated water content also had 
well response relation with total phosphorus of all soil layers in different degradation degrees (Fig.5b). 
With the similar of Fig.5a, Fig.5c showed that the soil capillary water holding capacity had well response 
relation with soil bulk density of all soil layers in different degradation degrees. While the Fig.5d revealed 
that the soil field water capacity had well response relation with total nitrogen of all soil layers in 
different degradation degrees. 
In conclusion, soil water retention had relationship with many factors. From the correlation 
coefficients, soil bulk density, soil organic matter had closest relationship with soil capillary water 
holding capacity and saturated water content, and the total nitrogen and total carbon also had closely 
relationship with capillary water holding capacity and saturated water content. While the soil field water 
capacity had closely relationship with total nitrogen, sand grain and silt content. From the partial 
correlation coefficients, the soil saturated water content was mainly affected by the soil bulk density and 
total phosphorus, and the soil capillary water holding capacity was mainly affected by the soil bulk 
density, while the soil field water capacity was mainly affected by the total nitrogen. 
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Table 4 The partial correlation coefficient  among capillary water holding capacity, saturated water content, field water capacity and 
soil physical and chemical properties 
Soil water retention Soil saturated water content Soil capillary water holding 
capacity 
Soil field water capacity 
Soil bulk density -0.877*** -0.705* -0.53 
Soil organic matter 0.074 0 -0.604 
Total nitrogen -0.019 -0.128 0.746** 
Total carbon 0.036 0.166 0.336 
C/N ratio -0.052 -0.135 -0.195 
Total potassium 0.469 0.585 0.4 
Total phosphorus -0.637* -0.587 -0.275 
Clay 0.431 0.402 0.376 
Sand grain 0.165 0.402 -0.129 
Note: *, **and *** represent remarkable at the significance level of 0.1, 0.05 and 0.01 respectively. 
 
Fig.5 The relationship of soil water retention and its main influencing factors in different degradation phases 
Note: S, L, M, H and E represent slight degradation, light degradation, middle degradation, heavy degradation and 
extreme degradation respectively. 
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5. Conclusions 
(1) With the increasing of grassland degradation degrees, the soil capillary water holding capacity and 
saturated water content decreased as a whole. But they increased when the grassland degradation changed 
from middle degradation into heavy degradation. The changes in 0~10cm layer were more significant 
than in the 10~20cm and 20~30cm layer, and the changes in 10~20cm layer were also more significant 
than in the 20~30cm layer.  
 (2) With the increasing of grassland degradation degrees, soil field water capacity in the 0~10 cm 
layer first increased and then decreased. The soil field water capacity in the 10~20cm layer changed 
fluctuant by the means of increasing-decreasing- increasing-decreasing. With the increasing of grassland 
degradation degrees, soil field water capacity in the 20~30 cm layer gradually increased. 
(3) Soil bulk density, soil organic matter, total nitrogen and total carbon had closest relationship with 
soil capillary water holding capacity and saturated water content. While the soil field water capacity had 
closely relationship with total nitrogen, sand grain and silt content. But the soil saturated water content 
was mainly affected by the soil bulk density and total phosphorus, and the soil capillary water holding 
capacity was mainly affected by the soil bulk density, while the soil field water capacity was mainly 
affected by the total nitrogen. 
(4) The soil saturated water content would be changed during the grassland degradation process by 
changing the soil bulk density and total phosphorus, and the soil capillary water holding capacity would 
be changed by altering the soil bulk density, while the soil field water capacity was mainly affected by the 
total nitrogen. Soil water retention was not a simple process of decreasing during the grassland 
degradation, but it was a changing process of differences. 
Acknowledgements 
Authors thank anonymous reviews for valuable comments on the manuscript. This study was 
supported by National Key Technology R&D Program (NO. 2009BAC61B01). 
References 
[1] Yan Y Q, Duan W B, Wang J. Spatioal distribution characteristics of soil infiltration capacity in water conservation forest in 
Lianhua Lake reservoir area. Science of soil and Water Conservation 2008; 6 (3): 88-93(in Chinese). 
[2] Duan W B, Yan Y Q, Zhao Y S. Spatial distribution characteristics of soil infiltration capacity in water conservation forest of 
Larix gmelini in Lianhua Lake Reservoia area. Journal of Natural Resources 2010; 25 (12): 2081-90(in Chinese). 
[3] Li Y S. The properties of water cycle in soil and their effect on water cycle for land in the Loess reigon. Acta Ecologica 
Sinica 1983; 3 (2): 91-101(in Chinese). 
[4] Yu Y L, Xiong Y X. Studies on soil water resources and soil moisture control. Journal of Yunnan Agricultural University 
2003; 18 (3): 298-301(in Chinese). 
[5] Huang R Z, Yang Y S, Zhang J C, Xie J S, Wang W M. Properties of soil reservoir storage in different forest land types. 
Bulletin of Soil and Water Conservation 2005; 25 (3): 1-5(in Chinese). 
[6] Guo F T. The soil reservoir and its regulation. Journal of North China Institute of Water Conservancy and Hydroelectric 
Power 1996; 17 (2): 72-80(in Chinese). 
[7] Yue Y J, Yu Z Y, Wang X G, Yang Y S. Research on characteristics of three types of forest soil reservoir in the north of 
Fujian. Southwest China Journal of Agricultural Sciences 2004; 17 (supple): 161-5(in Chinese). 
979X.S. Yi et al. / Procedia Environmental Sciences 13 (2012) 967 – 9811006 X.S. Yi  et al./ Procedia Environmental Sciences 8 ( 1) 94–1008 
 
[8] Zhang Y, Zhao S W, Liang X F, Jiang Z W. Review of soil water reservoir and analysis on influencing factors in the Loess 
Plateau. Research of Soil and Water Conservation 2009; 16 (2): 147-51(in Chinese). 
[9] Li Z, Wu P T, Feng H, Zhao X N, Huang J, Zhuang W H. Simulated experiment on effects of soil bulk density on soil water 
holding capacity. Acta Pedologica Sinica 2010; 47 (4): 611-20(in Chinese). 
[10] Li Z, Feng H, Wu P T, Zhao X N, Guo Z. Simulated experiment on effects of soil clay particle content on soil water holding 
capacity. Journal of Soil and Water Conservation 2009; 23 (3): 204-8(in Chinese). 
[11] Luo B S, Zhong J H, Tan J, Guo Q R, Huang X L, Zhuo M N. Studies on Physical properties degradation and its possible 
mechanism of Latord  soil II: Studies on Characteristics of Soil water properties degradation. Tropical and Subtropical Soil Science 
1998; 7 (2): 161-5(in Chinese). 
[12] Yang W Z, Zhao P L. Soil hydrologic effect of the earth-cumulic surface horizon and the argic horizonoflou soil in Loess 
Plateau. Acta Pedologica Sinca 2009; 46 (2): 218-26(in Chinese). 
[13] Xie J, Guan W B, Cui G F, Sun G, Chen J Q, Wang M, Qi Z D. Soil moisture characteristics of different types of vegetation 
in Xiliangol grassland. Journal of Northeast Forestry University 2009; 37 (1): 45-8(in Chinese). 
[14] Li S L, Chen Y J, Kang S, Guan S Y. Relationships between soil degradation and rangeland degradation. Journal of Arid 
Land Resources and Environment 2002; 16 (1): 92-5(in Chinese). 
[15] Zhang Z C, Yan Y C, Shao Z Y. Study on the correlation between steppe vegetation and soil as well as the difference in 
response to disturbance. Journal of Arid Land Resources and Environment 2009; 23 (5): 121-7(in Chinese). 
[16] Department of Animal Husbandry and Veterinary of the Ministry of Agriculture, General Station of Animal Husbandry and 
Veterinary. Rangeland resources of China. 1st ed. Beijing: China press of science and technology; 1996(in Chinese). 
[17] Jiang Y, Zhang Y P, Yang Y G, Xu J L, Li Y P. Impacts of grazaing on the system coupling between vegetation and soil in 
the alpine and subalpine meadows of Wutai Mountain. Acta Ecologica Sinica 2010; 30 (4): 837-46(in Chinese). 
[18] Gan Y M, Li Z D, Ze B, Fei D P, Luo G R, Wang Q, Wang X L. The changes of grassland soil nutrition at different 
degradation subalpine meadow of north-west in Sichuan. Acta Prataculturae Sinica 2005; 14 (2): 38-42(in Chinese). 
[19] Zhou H K, Zhao X Q, Zhou L, Liu W, Li Y N, Tang Y H. A study on correlations between vegetation degradation and soil 
degradation in the „Alpine Meadow‟ of the Qinghai-Tibetan Plateau. Acta Prataculturae Sinica 2005; 14 (3): 31-40(in Chinese). 
[20] Lin C F, Chen Z Q, Xue Q H, Lai H X, Chen L S, Zhang D S. Effect of vegetation degradation on soil nutrients and 
microflora in the Sanjiangyuan region of Qinghai, China. Chinese Journal of Applied and Environmental Biology 2007; 13 (6): 788-
93(in Chinese). 
[21] Zhang J, Li X L, Wang J S, Yang Y W, Zhang Y. Analysis on plant community structure in different degradation grassland 
in the Sanjiangyuan region. Hubei Agricultural Sciences 2009; (9): 2125-9(in Chinese). 
[22] Zuo X A,  Zhao H L,  Zhao X Y,  Guo Y R, Yun J Y,  Wang S K, Miyasaka T. Vegetation pattern variation, soil 
degradation and their relationship along a grassland desertification gradient in Horqin Sandy Land, northern China. Environ. Geol. 
2009; 58(6): 1227-37. 
[23] Gao X S, Tian Z C, Hao X N, Jiang G X. The changes of alpine grassland soil nutrition at different deteriorate degree on 
high mountain meadow of Three River Source. Journal of Qinghai University (Nature Science) 2006; 24 (5): 37-40(in Chinese). 
[24] Zhang J, Li X L, Yuan R M. Analysis of the chemical properties of different degraded grassland in Sanjiangyuan region. 
Journal of Anhui Agriculture Science 2008; 36 (15): 6412-4(in Chinese). 
[25] Cai X B, Zhang Y Q, Shao W. Characteristics of soil fertility in alpine steppes at different degradation grades. Acta 
Ecologica Sinica 2008; 28 (3): 1034-44(in Chinese). 
[26] Mu X M, Chen J W. Effects of measures of soil and water conservation on soil water content in Loess Plateau. Journal of 
Soil Erosion and Soil and Water Conservation 1999; 5 (4): 39-44(in Chinese). 
[27] Wang G X, Shen Y P, Qian J, Wang J D. Study on the influence of vegetation change on soil moisture cycle in alpine 
meadow. Journal of Glaciology and Geocryology 2003; 25 (6): 653-9(in Chinese). 
[28] Zhou Y D, Wu J S, Zhao S W, Guo S L, Lu P. Change of soil organic matter and water holding ability during vegetation 
succession in Ziwuling region. Acta Botanica Boreali-occidentalia Sinica 2003; 23 (6): 895-900(in Chinese). 
980  X.S. Yi et al. / Procedia Environmental Sciences 13 (2012) 967 – 981 X.S. Yi et al./ Procedia Enviro mental Sciences 8 (20 1) 994–1008 1007 
 
[29] Liu N N, Zhao S W, Yang Y H, Wang H J, Zhao Y G, Ji X Y, Cao L H. Study on water-holding capacity of the top soil of a 
steppe reserve in the Yunwu Mountains, Guyuan, Ningxia Hui Autonomous region. Acta Agrestia Sinica 2006; 14 (4): 338-42(in 
Chinese). 
[30] Zhao Y G, Zhao S W, Cao L H, Liang X F. Soil moisture physical properties of farming-withdrawn land and enclosed 
grassland in a typical grassland. Bulletin of Soil and Water Conservation 2007; 27 (6): 41-4(in Chinese). 
[31] Wei D X, Yan L, Liu Y H, Yang F. Study on soil nutrients in different degraded level alpine meadows. Journal of Anhui 
Agriculture Science 2008; 36 (18): 7781-3(in Chinese). 
[32] Wei Q, Wang F, Chen W Y, Zhu L, Li G Y, Qi D C. Soil physical characteristics on different degraded alpine grasslands in 
Maqu country in upper Yellow river. Bulletin of Soil and Water Conservation 2010; 30 (5): 16-21(in Chinese). 
[33] Shi J J, Qiu Z Q, Ma Y S. Economic efficiency analysis of establishing artificial pasture in “the black soil type” 
degenerated grassland. Grassland and Turf 2007; 27 (1): 60-4(in Chinese). 
[34] Yang J P, Ding Y J, Chen R S. Synthetical research of eco-environmental changes in the source regions of the Yangtze and 
Yellow rivers. 1st ed. Beijing: meteorology Press; 2006(in Chinese). 
[35] Wang G X, Shen Y P, Chen G D. Eco-environmental changes and causal analysis in the source regions of the Yellow river. 
Journal of Glaciology and Geocryology 2000; 22 (3): 200-5(in Chinese). 
[36] Zhang Y L, Liu L S, Bai W Q, Shen Z X, Yan J Z, Ding M J, Li S C, Zheng D. Grassland degradation in the source region 
of the Yellow river. Acta Geographica Sinica 2006; 61 (1): 3-14(in Chinese). 
[37] Zhang S Q, Wang Y G, Zhao Y Z, Huang Y, Li Y G, Shi W D, Shang X G. Permafrost degradation and its environmental 
sequent in the source regions of the Yellow river. Journal of Glaciology and Geocryology 2004; 26 (1): 1-6(in Chinese). 
[38] Bai W Q, Zhang Y L, Xie G D, Shen Z X, Analysis of formation causes of grassland degradation in Maduo country in the 
source region of Yellow river. Chinese Journal of Applied Ecology 2002; 13 (7): 823-6(in Chinese). 
[39] Wang Y B, Wang G X, Wu Q B, Niu F J, Chen H Y. The impact of vegetation degeneration on hydrology features of alpine 
soil. Journal of Glaciology and Geocryology 2010; 32 (5): 989-98(in Chinese). 
[40] Ke J, Wang H C, Zhou H K, Wang W Y, Zhao X Q, Liu Z H. A comparative study on propagule weight of 43 plant species 
at the alpine meadow in the source region of three rivers. Pratacultural Science 2010; 27(3): 15-20(in Chinese). 
[41] Zhou H K, Zhao X Q, Zhao L, Han F, Gu S. The community characteristics and stability of the Elymus nutans artificial 
grassland in alpine meadow. Chinese Journal of Grassland 2007; 29 (2): 13-25(in Chinese). 
[42] Li H Y, Peng H C, Wang Q J. Study on the aboveground biomass of plant communities among the stages of regressive 
succession in alpine Kobresia humilis meadow. Acta Prataculturae Sinica 2004; 13 (5): 26-32(in Chinese). 
[43] Sun H Q. Studies on the degradation succession of Kobresia pymaea and K.humilis alpine meadow. Heilongjiang Journal 
of Animal Science and Veterinary Medicine 2002; 1 (1): 1-3(in Chinese). 
[44] Liu W, Zhou H K, Zhou L. Biomass distribution pattern of degraded grassland in alpine meadow. Grassland of China 2005; 
27 (2): 9-15(in Chinese). 
[45] Liu W, Wang Q J, Wang X, Zhou L, Li Y F, Li F J. Ecological process of forming “black-soil-type” degraded grassland. 
Acta Agrestia Sinica 1999; 7 (4): 300-7(in Chinese). 
[46] Zhou H K, Zhou L, Zhao X Q, Liu W, Yan Z L, Shi Y. Degradation process and integrated treatment of “black soil beach” 
grassland in the source regions of Yangtze and Yellow rivers. Chinese Journal of Ecology 2003; 22 (5): 51-5(in Chinese). 
[47] Shi H L, Wang Q J, Jiang Z C, Li S X, Wang J. Community succession and species diversity of manmade partum as well as 
degenerated partum on „Heitutan land‟ (secondary bare land) in the area covered by the headwaters of Yellow river and Yangtze 
river. Acta Botanica Boreali-occidentalia Sinica 2005; 25 (4): 655-61(in Chinese). 
[48] Yang Y W, Li X L, Qi S C. The study of the species diversity in different kind of deserted grassland in source area of 
Yellow and Yangtze rivers. Journal of Qinghai University(Nature Science) 2005; 23 (3): 42-5(in Chinese). 
[49] Qiu D. The study on vegetation succession law of degraded grassland of “black soil type” on southern Qinghai province. 
Chinese Agricultural Science Bulletin 2005; 21 (9): 284-5(in Chinese). 
[50] Cao G M, Wu Q, Li D, Hu Q W, Li Y M, Wang X. Effects of nitrogen supply and demand status of soil and herbage system 
on vegetation succession and grassland degradation in alpine meadow. Chinese Journal of Ecology 2004; 23 (6): 25-8(in Chinese). 
981X.S. Yi et al. / Procedia Environmental Sciences 13 (2012) 967 – 9811008 X.S. Yi et al./ Procedia Environmental Sciences 8 (2011) 994 1008 
 
[51] Zhang W Y, Xu B T. The method of long-term research on forest soil. 2rd ed. Beijing: Chinese Forestry Press; 1986(in 
Chinese). 
[52] Zhang W Y, Yang G C, Tu X N. Forest industry standard of the People's Republic of China-forest soil analysis method. 1st 
ed. Beijing: Chinese Press of Stand; 1999(in Chinese). 
[53] Wang D M. Farmland soil and water conservation. 1st ed. Beijing: Chinese Forestry Press; 2000 (in Chinese). 
[54] You S C, Di S C, Yuan Y. Study on soil field capacity estimation in the Loess Plateau region. Journal of Natural Resources 
2009; 24 (3): 545-52(in Chinese). 
[55] Huang C Y. Pedology. 2nd ed. Beijing: Chinese Press of Agriculture; 2001 (in Chinese). 
[56] Gao Y Z, Han X G, Wang S P. The effects of grazing on grassland soils Acta Ecologica Sinica 2004; 24 (4): 790-7(in 
Chinese). 
[57] Wang X B, Cai D X, Gao X K, Zhang Z T. Effect of various agricultural practices on soil water retention. Plant Nutrition 
and Fertilizer Science 1996; 2 (4): 297-304(in Chinese). 
[58] Philip J, Vries D D. Moisture movement in porous materials under temperature gradients. Trans. Amer. Geophys. 
Union.1957; 38(2): 222-32. 
[59] Williams J, Prebble R, Williams,W, Hignett,.C. The influence of texture, structure and clay mineralogy on the soil moisture 
characteristic. Aust. J.Soil. Res.1983; 21: 15-20. 
[60] Hillel D. Applications of soil physics. 1st ed. New York : Academic press New York, 1980. 
[61] Zhang J L, Miao F S. The characteristics of moisture retention of soils with different textures in the flood plain of the 
huanghe river. Acta Pedologica Sinica 1985; 22 (4): 350-5(in Chinese). 
[62] Wang H Z, Lv J. Differences of soil water characteristics in three soils developed from different parent materials in red soil 
region. Journal of Soil and Water Conservation 2001; 15 (2): 68-71(in Chinese). 
[63] Reeve M, Smith P, Thomasson J. The effect of density on water retention properties of field soils. Eur. J. Soil. Sci. 1973; 
24(3): 355-67. 
[64] Van den Berg M, Klamt E, Reeuwijk L V, Sombroek W. Pedotransfer functions for the estimation of moisture retention 
characteristics of Ferralsols and related soils. Geoderma 1997; 78(3): 161-80. 
[65] Aina P, Periaswamy S. Estimating available water-holding capacity of western Nigerian soils from soil texture and bulk 
density, using core and sieved samples. Soil Sci. 1985; 140(1): 55-8. 
[66] Sharma M, Uehara G. Influence of soil structure on water relations in low humic Latosols: I. Water retention. Soil. Sci. 
Soc.  Am. J. 1986; 32(6): 765-70. 
 
